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SUMMARY 
Tests were carried out to assess the impact of wind blown dust accumulation and 
abrasion on radiator surfaces on Mars. High emittance arc-textured copper (Cu) and 
niobium-1 %-zirconium (Nb-1 %Zr) samples were subjected to basaltic dust laden wind at 
Martian pressure (1000 Pa) at speeds varying from 19 to 97 m/s in the Martian Surface 
Wind Tunnel at NASA Ames Research Center. The effect of accumulated dust was also 
observed by pre-dusting some of the samples before the test. Radiator degradation was 
determined by measuring the change in the emittance after dust was deposited and/or 
removed. The principal mode of degradation was abrasion. Arc-textured Nb-1 %Zr proved 
to be more susceptible to degradation than Cu, and pre-dusting appeared to have lessened 
the abrasion. 
INTRODUCTION 
By presidential directive, NASA has initiated a technology development program to 
enable a manned mission to Mars. Lewis Research Center has been given the lead role in 
providing the technology for Martian surface power systems. Careful consideration must be 
given to the environment in which these power systems will work, for there are several 
hazardous constituents within the environment. Potential threats include low ambient 
temperatures (150 - 300 K), wide daily temperature swings (20 - 50 K per day), highly 
reactive species in the soil (probably peroxides and superoxides), and large quantities of 
dust. The focus of this report will be on dust which is elevated by dust storms, often global 
in extent, and which will settle out onto power system components. 
Tens of kilowatts of power will be required even for a temporarily manned outpost 
on the Martian surface, and preliminary studies (ref 1.) indicate that nuclear power systems 
are attractive for meeting those requirements. A necessary component of any nuclear power 
system is radiators to maintain the cold-end temperature. 
There are several candidate materials for power system radiators. The radiators must 
have high thermal conductivity, so that heat can be distributed evenly throughout the 
radiator, and high emittance, so that the heat can be radiated away efficiently. The 
emittance of any material can be increased dramatically by increasing its surface area. A 
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promising technology to accomplish this is through microscopically textured surfaces. A 
technique called arc-texturing can be used to form a textured surface through spot melting 
and resolidification of the surface with some incorporation of carbon from the arc into the 
metal to enhance its emittance by as much as a factor of 14 (ref. 2). 
Dust, elevated by either local or global storms, could have several adverse effects on 
radiator performance. The temperature sensors on the Viking landers showed that during 
a dust storm the mean atmospheric temperature decreases by about 10 K, and the daily 
variation decreases by about 20 K when the atmosphere is filled with dust (ref. 3). Although 
this will aid the power system by providing a slightly lower cold end temperature, at times 
during the night this will raise the ultimate cold end temperature, though perhaps not by 
much if the radiators run at high enough temperatures to make this effect small. More 
seriously, the opacity of the atmosphere increases to an optical depth as high as 5 (ref. 3). 
This will make radiative heat transfer more difficult. Also, after the storms dust will settle 
out on the radiator surfaces. We have shown in an earlier study (ref. 4) that the magnitude 
of this effect is strongly dependent upon the dust composition which, unfortunately, is not 
well known. With some model dusts the emittance was lowered by as much as a factor of 
two. Lastly, aeolian removal of the dust from the radiator surfaces, or wind driven dust 
could abrade those surfaces, with possible degradation of radiator performance. The 
purpose of this study is to examine the effects of settled blowing dust on the performance 
of these radiator materials. 
METHODS AND MATERIALS 
Coupons of two candidate radiator materials, copper (Cu) and niobium with 1 
percent zirconium (Nb-l %Zr) were fabricated to be 2.4 cm in diameter. Their untextured 
thermal emittance was calculated from hemispherical reflection measurements using a 
Perkin-Elmer Lambda-9 spectrophotometer and a Hohlraum reflectometer. The 
spectrophotometer was used to measure the spectral reflectance over wavelengths from 0.4 
to 2.5 Mm, and the Hohlraum to obtain spectral emittance over wavelengths from 1.5 to 15 
Mm. 
Since the sample is at room temperature during both measurements, adjustments 
must be made to obtain the emittance (equal to 1 - reflectance) as a function of 
temperature. Using the method described by Mirtich and Mark (ref. 5) the spectral 
emittance is convoluted with a blackbody spectrum for each temperature to obtain the total 
integrated emittance. The data from both instruments were combined to form a smooth 
transition from the ultra-violet through infra-red and to allow calculation of the integrated 
thermal emittance over the temperature range of 300 to 3000 K. 
Four coupons of each metal were arc-textured with a carbon arc operated within a 
nitrogen-argon atmosphere by the method of Banks et al. (ref. 2). There are two 
consequences of arc-texturing which increase the emittance of the sample. First, the arc 
melts a small area of the surface which then resolidifies. This results in a microscopic 
roughening of the surface, increasing its surface area. Second, carbon is sputtered from the 
electrode and deposited on the surface. Carbon has an emittance which is much higher than 
















After the coupons were arc-textured the emittance of the textured coupons was 
remeasured using the above procedure. Then, after the MARSWIT tests, the emittance of 
the coupons was measured a third time. Scanning electron microscopy (SEM) and energy 
dispersive x-ray spectroscopy (EDS) were used to characterize the sample surfaces after the 
MARS WIT tests. 
The textured coupons were placed in specially designed sample holders, each held 
in place by a thin metal retaining ring which was secured by means of foil tabs stretched 
across three cords of the circle. A spring held them flush with the surface. The radiator 
sample holders were oriented at a tilt angle of 45° , which was the angle found to maximize 
the wind effects (ref. 7). The sample holders could also orient the sample horizontally to 
facilitate the application of a layer of dust in the dusting chamber. 
The dust used to coat the samples was a basalt known as "trap rock". This material 
is believed to be chemically similar to the dusts that are found on Mars. The fact that this 
dust has a grey-green color, however, suggests that there are significant differences. The 
particle size of this material ranged from about 5 - 38 J.L m. Particles this size could be 
elevated by the strong Martian winds present during storms, but would settle out during 
more common conditions. It should be noted that the purpose of these experiments was not 
to try to simulate Martian soil, but to determine the general effects of blowing dust on 
radia tor surfaces. 
In some of the cases the sample holders were placed in a dusting chamber in which 
the dust was elevated using dry air and allowed to settle on the samples. Details about the 
method of dusting and characterization of the dust are described in detail elsewhere (ref. 
8). The uniformity and extent of the dust deposition was monitored optically. Optical 
transmittance measurements were made by sliding the transmittance measuring device over 
transparent coverslips which were also mounted in the sample holder. Further details about 
the measurement, as well as dust clearing from the smooth transparent surfaces are reported 
elsewhere (ref. 9). 
The winds on Mars were simulated using the Martian Surface Wind Tunnel 
(MARS WIT) at NASA Ames Research Center. The MARSWIT is a low pressure (down 
to a few hundred Pa) wind tunnel 14 m in length with aIm by 1.1 m by 1.1 m test section 
located 5 m from the tunnel's entrance. This flow-through wind tunnel is located within a 
4,000 m3 vacuum chamber. Its characteristics are described in detail elsewhere (ref. 10). 
The samples were placed in the MARSWIT and tested under the conditions listed in table 
I. 
The basaltic dust was fed through a hopper into the top of the MARSWIT, near the 
entrance. First the wind was generated in the MARSWIT at a velocity below that which 
would clear dust off of the pre-dusted samples. Then the hopper was started, feeding the 
dust into the air stream. Immediately thereafter the wind velocity was increased to the test 
conditions. The time reported in table I is the time spent at the maximum speed. The finer 
particles were carried along the wind stream and struck the samples, much as would happen 
during a dust storm on Mars. The MARSWIT was shut down before the hopper was turned 
off, so there was no time when high velocity clear air hit the samples. Both initially clean 
and initially dusted samples were included in these tests. 
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RESULTS AND DISCUSSION 
The degradation of the radiator surfaces is characterized by the change in the 
spectral emittance before and after exposure to the dust. The average initial emittance of 
the arc-textured Cu and Nb-l %Zr samples are shown in figure 1. The values for copper are 
only calculated to 1350 K because copper melts above that temperature. It is not clear what 
the operating temperature for radiators on the Martian surface will be, but relatively low 
power radiators, such as those cooling regenerative fuel cells would probably float under 400 
K, while those associated with cooling for heat engines 'would probably work in the 800 -
1200 K range (ref. 1). Although in these temperature ranges these arc-textured Cu samples 
had emittances which were 8 to 10 percent higher than those of the Nb-l %Zr samples, it 
should be pointed out that in general Nb-l %Zr can be fabricated with an emittance as high 
as arc-textured copper. 
Three tests were run with the radiator surfaces initially clear of dust. Both Cu and 
Nb-l %Zr were subjected to 22 mls and 58 mls winds. These represent velocities below and 
above respectively the threshold velocities for clearing dust off of 45° tilted surfaces with 
clear air at Martian conditions (ref. 7). In addition, a sample of Nb-l %Zr was subjected 
to dust laden winds at the maximum velocity of the MARSWIT. The results of these tests 
are shown in figure 2. 
It was observed in all cases that dust accumulated on the samples. This observation 
was verified by concurrent tests with optical specular transmittance measurements on 
coverslips used to simulate photovoltaic cover-glasses (ref. 9). The accumulation occurred 
despite the fact that in clear wind the threshold clearing velocity is about 30 mls (ref. 7). 
If the effiittances of the Nb-l %Zr samples at 22,58, and 97 mls are compared, then 
a large drop in emittance can be seen as the wind velocity increases. One would suspect 
that erosion of the arc-textured surface by the wind-blown dust might be the cause. 
Inspection of the surfaces shows that this is indeed the case. In the case of the Nb-l %Zr 
subjected to 97 mls dust-laden wind, there is an obvious change in the color of the sample. 
It was not clear from simple inspection, however, whether the color change was due to 
abrasion of the carbon from the surface, or if the dust was simply embedded in the sample. 
Figure 3 shows a boundary area between protected and unprotected regions on the 
Nb-l %Zr sample subjected to 97 mls dust-laden wind. Etch pits from the arc-texturing 
process are visible in both regions, but carbon deposits which cover over half of the 
protected region are nearly absent from the unprotected region. EDS analysis also showed 
an absence of carbon in the unprotected region. If the dust were packed in a thin layer on 
top of carbon regions this would be detectable in the EDS which would have a penetration 
depth of tens of f..L m. A build-up of dust that thick would have been clearly visible in other 
high resolution micrographs which were taken. Thus, in the case of Nb-l %Zr the surface 
was clearly abraded. 
The differences between the two Cu samples subjected to 22 and 58 mls winds are 
very slight. The emittance of the 58 mls sample actually appears to be slightly higher. If 
the original emittances are considered, however, it is found that the two data sets are 
identical to within 3 percent. Given that the reproducibility of the instrument is of the same 
order, no effect of the increased wind speed can be determined for this case. 
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It is also noted that the Cu samples appear to be less susceptible to degradation than 
do those of Nb-1 %Zr. It is obvious that abrasion is the principal mode of degradation in 
the Cu samples as well as the Nb-1 %Zr. After subjection to the 97 mls dust-laden wind 
there is a distinct copper color to the sample, which was initially black. Given that the 
basalt is a grey-green color abrasion is clearly the mechanism. This is somewhat puzzling 
since Cu is a softer metal. Of course the surface has been modified by the texturing process, 
and so its abrasive properties would not be that of the ~ulk. 
Figure 4 illustrates the results for samples which were initially dusted, and then 
subjected to the dust laden wind. Comparison of the Cu samples subjected to 19 and 97 
mls winds reveals that the emittance degrades more in high velocity winds. As in the case 
of initially clear samples, this supports an abrasion model. 
If these data are compared to those resulting from similar conditions for the initially 
clear samples an interesting trend emerges. Samples which have an initial covering of dust 
tend to degrade less than those which are initially clear. This is true when the pre-dusted 
Cu is compared with the clear Nb-1 %Zr that was run simultaneously at 97 mis, and when 
the dusted 19 mls data are compared to the clear 22 mls data. This could be the result 
of the coat of dust protecting the surface from abrasion. It is easy to envision a protective 
mechanism whereby when an airborne particle strikes a clean surface much of its kinetic 
energy goes directly to deforming and fracturing that surface. If, however, it strikes another 
particle then much of its kinetic energy is transferred to the already deposited particle to 
put it into motion. Although this is an interesting trend, it is not proven in this experiment 
since the Nb-1 %Zr does undergo more degradation than Cu, which could account for the 
97 mls data, and dynamic pressure at 22 mls is 34 percent higher than at 19 mis, which 
could account for those differences. 
It should be noted that a significant fraction of the pre-settled dust was cleared by 
the dust laden wind. This was also verified by the specular transmittance measurements 
(ref. 9). Given time and dust laden wind, an equilibrium coverage of dust accumulates 
which would make the predusted indistinguishable from those which were initially clear. 
CONCLUSIONS 
Arc-textured copper (Cu) and niobium-1 %-zirconium (Nb-1 %Zr) samples were 
subjected to basaltic dust laden wind at Martian pressure (1000 Pa) at speeds varying from 
19 to 97 mls in the MAR S WIT. The effect of accumulated dust was also observed by pre-
dusting some of the samples before the test. Exposure to dust-laden wind resulted in 
samples with dust deposition intermediate between the initially clear and the initially dusted 
samples, and seemed to converge to a similar equilibrium value. Radiator degradation, as 
determined by measuring the change in the 300 to 3000 K emittance after dust was 
deposited andlor removed, was found to increase with increasing wind speed. The principal 
mode of degradation appeared to be abrasion of the carbon from the arc-textured surfaces. 
Samples which had dust covering them before the test may have abraded less than their 
initially dust-free counterparts. Arc-textured Nb-1 %Zr proved to be more susceptible to 
abrasive degradation than arc-textured Cu. 
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19 m/s 1000 Pa 6.96 Pa 284K 45 sec Yes 
22 1000 9.33 283 45 No 
55 JOOO 58.3 284 15 Yes 
58 1000 64.9 283 45 No 
97 1000 181 286 5 '" 
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Figure 2.-Degradation of initially clear radiator samples 
subjected to dust laden wind. 
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Figure 4.-Degradation of initially dusted radiator samples 
subjected to dust laden wind. 
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